predicts, but is not causally related to, cardiovascular heart disease morbidity and mortality (antidepressant cardiotoxicity, association with cardiac risk factors, sedentary lifestyle), or imply that depression may directly influence the course of cardiac heart disease (nonadherence to cardiac treatment and regimens, dysregulation of autonomic, neuroendocrine, and serotonergic systems). 7 Serotonergic neurotransmission dysfunction has been investigated and observed in major depression. 8, 9 Various findings support the hypothesis that alterations in serotonergic neurons play a role in the pathophysiology of depression, 10 and most antidepressants have a direct influence on serotonin (5-HT) transmission and levels. 5-HT is usually a vasodilator, becoming a vasoconstrictor when the endothelium is damaged. 11 It is also involved in platelet aggregation. It is taken up from plasma and stored in platelet granules. Upon initiation of platelet aggregation, 5-HT is released into the blood and activates 5-HT 2A receptors on the platelet membrane, which enhances the aggregation process. 5-HT per se is a weak activator, but dose-dependently enhances platelet activation induced by adenosine diphosphate (ADP) and, in particular, thrombin in whole blood. 12 It also potentiates aggregation in the presence of epinephrine or collagen, 13 and potentiates release reactions through a mechanism of amplification by an increase in free cytoplasmic intracellular calcium ion concentration. This induces a shape-change reaction of platelets, priming platelet surfaces for interactions with coagulation factors. 14 5 -HT may therefore be directly involved in increased cardiovascular mortality and morbidity in depressed patients. A relationship between depressive symptoms and increased platelet activity has been established in physically healthy depressed patients [15] [16] [17] as well as in postmyocardial infarction (MI) depressed patients. 8, 18 The following mechanisms mediating platelet abnormalities observed in major depression have been proposed 19 : altered platelet function by increased plasma concentrations of 5-HT and epinephrine, affected platelet function by increased intraplatelet calcium mobilization, upregulation of 5-HT 2A receptors or α-adrenoreceptors, downregulation of 5-HT transporter number, altered second messenger signal transduction, or altered intraplatelet concentrations of monoamines and catecholamines. 17 Thus, 5-HT probably plays a role in the pathophysiological mechanisms of depression as well as in primary hemostasis platelet activity, and this neurotransmitter might be a key element in the understanding of the relationship between depression and increased risk of cardiovascular disease. Amplification of platelet aggregation could be altered by antidepressants that inhibit serotonin reuptake, in particular selective 5-HT reuptake inhibitors (SSRIs), because of depletion or decrease in intraplatelet 5-HT levels. The purpose of this review of the literature is to summarize changes in hemostatic function observed during treatment by antidepressants. We performed a MEDLINE search of the relevant literature, and reviewed prospective and retrospective studies, as well as case reports and reviews of literature related to bleeding side effects and hemostasis laboratory findings, associated with antidepressant treatment in the psychiatric population, in post-MI depressed patients, or in healthy volunteers. The prothrombotic effect of typical and atypical antipsychotics, as well as the impaired platelet function and thrombocytopenia caused by the mood stabilizer valproate and the possible procoagulant effect of treatment by lithium, are not examined here.
Hemostasis
The process of hemostasis involves four principal stages: first, the initiation and formation of the platelet plug (also called primary hemostasis), second, the coagulation cascade, a series of enzymatic actions on proteins leading to P h a r m a c o l o g i c a l a s p e c t s [EDRF] ) are secreted by the endothelium. The most potent platelet activators are collagen and thrombin, whereas ADP and epinephrine are weak activators. 5-HT itself is a weak platelet agonist, but it amplifies the effect of other platelet agonists. 22 The process comprises successive steps, illustrating the central role of platelets (Figure 1 Table I ).
Influence of antidepressants on hemostasis markers
Numerous prospective open comparative studies, 9, 16, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] randomized double-blind controlled trials, 8, [35] [36] [37] in vitro studies by incubation of the antidepressant compound, [38] [39] [40] and case reports [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] have pointed out changes in laboratory tests assessing function of primary hemostasis and clotting cascade.
Double-blind, randomized, placebo-controlled trials
In a randomized, double-blind, placebo-controlled, twoway crossover trial, Hergovich et al evaluated the potential inhibition of platelet function in 16 healthy male volunteers receiving paroxetine, 20 mg/d over 2 weeks. Paroxetine decreased intraplatelet 5-HT concentration by 83% and therefore prolonged closure time measured by PFA by 31% (in other terms inhibited the plug under shear stress). It also lowered platelet activation in response to thrombin receptor peptide, shown by an 8% decrease in the expression of the platelet activation marker CD63. No changes in plasma concentration of prothrombin fragment, vWF antigen, or soluble Pselectin were observed. This indicated no activation of coagulation, endothelium, or platelet in vivo, underlining a favorable risk:benefit ratio when the drug is used for rehabilitation of post-MI patients. 35 In order to investigate whether depressed post-MI patients have higher markers of platelet activation than nondepressed post-MI patients, and evaluate the effect of mirtazapine on platelet activation, Schins et al conducted a randomized, double-blind, placebo-controlled trial in 25 depressed post-MI patients receiving, for 8 weeks, either mirtazapine 30 to 45 mg or placebo. The control group consisted of nondepressed post-MI patients. The markers measured were plasma levels of β-thromboglobulin (βTG), platelet factor 4 (PF4), soluble CD40 ligand (sCD40L), whole-blood, and intraplatelet 5-HT. Before treatment, only whole blood and intraplatelet 5-HT levels were significantly higher in depressed patients. Treatment with mirtazapine resulted in a nonsignificant decrease in βTG, PF4, and intraplatelet 5-HT level after 8 weeks. The authors underline the fact that mirtazapine, by lack of inhibitory effect on 5-HT reuptake, has not shown, in contrast with SSRIs, a potentiated risk of bleeding events, when given in combination with nonsteroidal anti-inflammatory drugs (NSAIDs). [54] [55] [56] Therefore, treatment of depressed post-MI patients with mirtazapine may be possible in patients susceptible to bleeding complications, according to the authors. 8 In a randomized, double-blind, placebo-controlled trial, Serebruany et al assessed the release of platelet/endothelial markers in 64 post-MI depressed patients treated with sertraline vs placebo. PF4, βTG, platelet/endothelial cell adhesion molecule-1, P-selectin, thromboxane B 2 (TXB 2 ), 6-ketoprostaglandin F 1α , vascular cell adhesion molecule-1, and E-selectin were measured by enzymelinked immunosorbent assay (ELISA). Treatment with sertraline was associated with substantially less release of these markers than treatment with placebo. These differences reached statistical significance for βTG at weeks 6 and 16 and for P-selectin at week 16. Repeated-measures ANOVA revealed a significant advantage for sertraline vs placebo for diminishing E-selectin and βTG concentrations across the entire treatment period. Despite previous broad use of aspirin and clopidogrel (though equally distributed between both groups), the authors underline the potential benefit of sertraline treatment of post-MI patients, because of decreased activation of platelets.
Antidepressants and hemostasis -Halperin and
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Double-blind, randomized, comparative trial
Pollock et al investigated the influence of a 6-week paroxetine or nortriptyline treatment on platelet activation in 17 depressed patients with IHD, in a randomized double-blind trial. Baseline measurements of βTG and PF4 were significantly elevated in both groups before treatment, compared with those of healthy control subjects. In the paroxetine group, mean βTG and PF4 levels significantly decreased within 1 week of treatment and remained low at the 3-and 6-week measurements. In contrast, the nortriptyline group did not exhibit a significant decrease in βTG and PF4 levels after 1, 3, and 6 weeks. A type II error for the nortriptyline group was not excluded; nor was the possible influence of the patient's clinical state on platelet activation. However, according to the authors, the reduction in platelet activation observed after only 1 week of paroxetine treatment is in favor of a pharmacologic effect. 37 
Prospective open comparative studies
Prospective open comparative studies, conducted in depressed patients, post-MI depressed patients, or healthy volunteers, with comparative measurements of various hemostasis parameters in a healthy control group or in subjects before treatment, demonstrated higher platelet activity in depressed or post-MI depressed patients in comparison with the control group, and/or decrease in platelet activity after antidepressant treatment. Alvarez et al showed that untreated depressed patients have decreased numbers of platelet 5-HT transporter sites and increased levels of platelet inositol triphosphate (PIT), that treatment with both fluoxetine and clomipramine further reduces the density of these trans- porter sites (more marked in responders to treatment), accompanied by a dramatic decrease in plasma and platelet 5-HT levels, and that, in responders, PIT levels return to normal values. 9 Markovitz et al showed a greater platelet secretory response to collagen in depressed patients than in healthy control subjects in baseline comparison measures. They then demonstrated a decrease in collagen-induced platelet secretion after treatment with sertraline for 6 weeks, most other platelet activation measures showing minimal change. These changes were, however, not related to improvement in the Beck Depression Inventory scores, but this finding might be limited by the short treatment duration.Thus, the decreased platelet activation after SSRI treatment could diminish the risk of coronary heart disease among depressed subjects, but the authors underline the need for studies in a large number of patients, placebo controls, and a longer follow-up period. 24 In a study by Musselman et al, after 6 weeks of open-label treatment with paroxetine, a normalization of platelet activation occurred in patients with depression. This was shown by a significant decrease in PF4 and of the platelet monoclonal antibodies anti ligand-induced platelet binding site (LIBS) and GA6 (anti P-selectin). Before treatment, these markers were higher among depressed patients compared with the control group. The results of this study could be explained by recovery from depression. Thus, studies with placebo and/or psychotherapy are proposed by the authors as further investigation. 25 A decrease in platelet response mediated by the 5-HT 2A receptor following effective imipramine treatment was demonstrated by Gomez-Gil et al, shown by a significant decrease in 5-HT-amplified platelet aggregation to ADP, thus suggesting that desensitization or downregulation of platelet 5-HT 2A receptor function could be linked to a therapeutic effect of some antidepressants. 30 Comparing levels of plasma 5-HT and platelet 5-HT induced aggregation among depressed patients treated with either fluoxetine or amitriptyline and nontreated patients, Menys et al demonstrated a statistically significant decrease in both plasma 5-HT levels and 5-HT induced platelet aggregation, only with fluoxetine. This suggests a higher inhibition of platelet activity by SSRIs than tricyclic antidepressants, and therefore a more suitable treatment for depressed patients with cardiovascular disease. 26 Laine-Cessac et al failed to demonstrate a significant effect of a 1-month fluoxetine treatment in 8 depressed patients, on the following primary hemostasis and coagulation tests: PT, aPTT, TT, fibrinogen, platelet count, bleeding time, platelet aggregation induced by ADP, AA, ristocetin, and collagen. The single statistically significant difference, in comparison with values before treatment, was found in a decreased velocity in platelet aggregation induced by epinephrine. The authors conclude that significant platelet dysfunction causing hemorrhagic diathesis is uncommon when fluoxetine is used at a dosage of 20 mg daily. 27 However, methodological issues with this publication suggest a high risk of type II error. 27 Lederbogen et al measured aPTT, vWF, fibrinogen, fibrin monomer, and prothrombin ratio (Quick) before and after treatment with either amitriptyline or paroxetine. Therapy was effective on depressive symptoms as measured by the Hamilton Depression scale in both groups, and ANOVA revealed prothrombin ratio to increase from start to end of treatment. No effect was seen on the other parameters. The authors conclude that changes observed in prothrombin ratio may be due to nutritional factors, and that bleeding associated with antidepressant therapy is probably not an extreme form of a general influence on the coagulation systems, but rather an idiosyncratic reaction. 32 Berk et al studied 10 patients before and after treatment with fluoxetine. No changes in any index of platelet aggregation or coagulation were reported. 33 Alderman et al were also unable to demonstrate any changes in primary hemostasis or coagulation parameters after use of fluoxetine or paroxetine for 28 days. 28 This was also the case after a fluoxetine trial conducted by Bang et al. 34 Interestingly, Tharmapathy et al observed that platelets from six or seven patients undergoing treatment with venlafaxine aggregated spontaneously during a routine centrifugation of platelet-rich plasma. Furthermore, increased baseline platelet activity as measured by P-selectin surface expression was observed during treatment compared with before treatment.
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In vitro studies
The in vitro effects of escalating concentrations of sertraline on human platelets were assessed by Serebruany et al, showing a dose-dependent inhibition of platelet aggregation induced by ADP, collagen, and thrombin, as well as decreased platelet surface expression of CD9, Pselectin, platelet endothelial cell adhesion molecule (PECAM)-I, and glycoproteins IIb/IIIa and Ib. The data P h a r m a c o l o g i c a l a s p e c t s from this study, showing a direct inhibitory effect on platelets of therapeutic concentrations of sertraline, suggest that it may account for a substantial portion of the association between depression and adverse outcomes of IHD by a thrombotic mechanism. 39 Mohammad and Mason also demonstrated an inhibition of ADP-induced platelet aggregation by the tricyclics imipramine and amitriptyline. 38 
Case reports (no baseline values)
Among case reports of abnormal bleeding with antidepressant medication, some have revealed abnormalities in hemostasis tests. Alderman et al and De Maistre et al reported cases of abnormal bleeding associated with fluoxetine treatment, accompanied by a decrease in ADP, epinephrine, ristocetin, AA, collagen, and epinephrineinduced platelet aggregation, respectively, which were reversible after discontinuation of the drug (positive dechallenge). 41, 42 Ottervanger et al reported a decrease in epinephrineinduced platelet aggregation in a patient treated with paroxetine for 4 weeks. 45 A decrease in ADP and ristocetin-induced platelet aggregation in a patient treated with fluoxetine was also reported by Evans et al. They also described an increase in bleeding time to more than 25 minutes, with positive dechallenge and rechallenge. 46 Increased bleeding time with positive dechallenge was reported by Humphries et al in a patient treated for 2 years with fluoxetine, and by Calhoun and Calhoun for a patient treated for 10 weeks with sertraline. 47, 48 Ceylan and Alpsan-Omay also described the case of a patient treated with sertraline for 7 days, with prolonged bleeding time and prothrombin time, as well as a decrease in platelet count. All three parameters reversed after discontinuation (positive dechallenge). 49 Low platelet count was also noted by Aranth and Lindberg and Leung and Shore in patients treated respectively with fluoxetine and fluvoxamine. 43, 44 Tham et al, Demet et al, and Tielens reported prolonged aPTT with venlafaxine, mirtazapine, and paroxetine respectively. 50, 51, 53 In the first two cases, values returned to normal range after discontinuation (positive dechallenge). Tham et al also reported a high antihemophilic factor VIII, whereas Demet et al showed a prolonged prothrombin time and increased INR. 50, 51 In contradiction with these findings, a case of diminished prothrombin time and aPTT was reported by Hardy and Sirois when trazodone was added to treatment with warfarin after mitral valve replacement, thus decreasing the efficiency of this treatment. 52 Table II summarizes the discussed clinical studies on modification of hemostasis markers, while Table III summarizes the case reports.
Discussion
In this review, we have presented the modifications of hemostasis markers caused by antidepressants. The most frequent modifications are decreased platelet aggregability and activity, and prolongation of bleeding time (primary hemostasis); they are more likely to occur with antidepressants such as fluoxetine, sertraline, or paroxetine. Other antidepressants such as venlafaxine, fluvoxamine, amitriptyline, imipramine, and even mirtazapine, can also influence hemostasis. Modifications of platelet count, as well as PT and PTT (coagulation cascade) are much less frequent. It is not known whether there might be laboratory modifications in the last two stages of hemostasis, ie, the termination by antithrombotic control mechanisms and the removal of the clot by fibrinolysis. Antidepressants that inhibit platelet reuptake of 5-HT cause a platelet 5-HT depletion. This can inhibit 5-HTinduced platelet aggregation amplification. Patients suffering from bleeding complications during antidepressant treatment may have a mild pre-existing platelet disorder or a modified platelet serotonergic response amplified by depletion of 5-HT stocks 57 ; autoimmune mechanisms may also be involved. 50 Different types of studies were performed, from case reports to epidemiological studies and prospective laboratory studies comparing subjects and controls receiving antidepressants. These studies did not lead to the same conclusions. A causal association between use of antidepressants, especially SSRIs, and abnormal bleeding or need for transfusion during surgical procedures has been found in retrospective studies. [54] [55] [56] [58] [59] [60] [61] The main observation concerns a relationship between the type of antidepressant drug and the risk of bleeding complications. The risk of upper gastrointestinal bleeding was twice as high for SSRIs than for other antidepressant drugs. 55 The risk of upper gastrointestinal bleeding in elderly and depressed patients increased with antidepressants having the greatest extent of inhibition of 5-HT reuptake. 56 Similarly, a significant association between the degree of 5-HT reuptake inhibition by antidepressants and the risk of hospital admission for abnormal bleeding as primary diagnosis was found. 59 In these studies, antidepressants were classified according to their degree of 5-HT reuptake inhibition according to pharmacological studies. 62, 63 Blood transfusion requirements during surgery was increased for SRI antidepressant users compared with nonusers, which was not the case for nonserotonergic antidepressant users. 60 Upper gastrointestinal bleeding risk was found to be 12.2 times greater than expected when there was a concomitant use of SSRIs and NSAIDs. 54 In the prospective laboratory studies mentioned, the results are heterogenous. Indeed, some studies found changes in given laboratory tests which were normal in other studies. Some studies failed to show any modification in measured hemostasis markers. 28, 33, 34 Otherwise, decrease in platelet/plasma 5-HT level and diminution of 5-HT-induced aggregation are the markers which were more often modified upon antidepressive treatment, in line with the central role of this neurotransmitter in primary hemostasis. 9, 26, 30 Thus, prospective studies clearly indicate that antidepressants modify primary hemostasis. However, the configuration and the extent of these changes remains unspecified. Most case reports of abnormal bleeding associated with the use of antidepressants that have failed to demonstrate perturbations in hemostasis concern the use of antidepressants with high degree of inhibition of 5-HT reuptake, 45, 57, [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] or, to a lesser extent, antidepressants with a mild degree of inhibition of 5-HT reuptake. [77] [78] [79] [80] This was also the case for abnormal bleeding case reports with perturbation of hemostasis markers. In accordance with classification of antidepressants by their degree of 5-HT reuptake inhibition, the drugs most frequently associated with abnormal bleeding are the SSRIs fluoxetine, sertraline and paroxetine, thus confirming that 5-HT may directly be involved in the pathophysiology of bleeding side effects in patients undergoing antidepressant treatment, and may therefore be a more potent platelet activator in vivo than in vitro. Interestingly, in those case reports where coagulation markers were measured, about half of the patients showed no modification of hemostasis markers. This is coherent with the observation that hemostasis tests, when performed in the general population, in cases of uncomplicated bleeding such as bruising, have a low sensitivity, ie, show normal results. The platelet aggregation tests are the most sensitive tests when modifications of hemostasis markers are suspected during treatment with antidepressants; however, they are time-consuming or, unfortunately, not performed in routine laboratory studies. Furthermore, these tests sometimes give negative results because of genetic factors, leading to the absence of platelet aggregation. This is explained by inherited differences in platelet aggregation (PAR)-1 thrombin receptor levels, and may be clinically relevant for subjects at increased risk of bleeding. 81 Several pertinent questions remain about the clinical relevance of hemostasis modifications by antidepressants. Should antidepressants be contraindicated in patients receiving anticoagulation treatment, or suffering from gastric ulcer, from von Willebrand disease, or from hemophilia? Should hemostasis tests be performed in all patients treated with SSRIs and undergoing surgery? 82 What is the correct course to take in case of abnormal bleeding in a patient treated with an antidepressant? In our opinion, the above questions are highly relevant to clinical practice, but it remains difficult to provide straightforward answers for several reasons. In most of the publications mentioned, the authors propose no guidelines for SRI-or SSRI-associated bleeding complications, arguing that complementary investigations are still requested. Members of hematological societies are best equipped to establish guidelines on the above issues. Such guidelines will help clinicians. In the meantime, we can nevertheless propose the following general comments. In case of abnormal bleeding in a patient treated with an SSRI, the pharmacological treatment should be stopped, and replaced if needed by a non-SSRI antidepressant. Patients with a medical history of coagulation disorders, especially suspected or documented thrombocytopenia or platelet disorder, should be monitored in case of prescription of any SRI. Platelet dysfunction, coagulation disorders, and von Willebrand disease (characterized by prolongation of bleeding time combined with decreased factor VIII procoagulant activity) should be sought in case of abnormal bleeding occurring during treatment with any SRI. Platelet aggregation measurement by PFA is the most sensitive laboratory test in these situations, and should be considered if hemostasis tests are requested, for example before surgery. Non-SSRI antidepressants should be preferred to SSRIs or SRIs in cases of von Willebrand disease, hemophilia, gastric ulcer, and anticoagulation treatment. ❏ P h a r m a c o l o g i c a l a s p e c t s 
